The objective of this study was to investigate the association between sodium intake and metabolic syndrome (MS) in individuals free from the confounding effects of increased blood pressure (BP). In all, a total of 1655 individuals (45.8% men) who participated in the MONICA-WHO/Vitoria Project, mean age 45±11 years were investigated. According to NCEP-ATP lll criteria, MS prevalence was 32.9 and 85% of these individuals had BP 4130/85 mm Hg. Thus, high BP represents the main MS risk factor. Twelve-hour nocturnal urine (1900 to 0700 hours) was used to measure urinary sodium and potassium excretion. Sodium excretion was associated with BP. From the optimal BP level up to stage lll hypertension, the mean (median) sodium excretion increased from 99 (89) to 128 (134) mEq and from 81 (69) to 112 (103) mEq in men and women, respectively (Po0.001 for trend; median). However, when 781 individuals with BP o130/85 mm Hg (including 80 drug-free normotensive individuals with MS) were stratified according to the gender and number of MS components, no significant differences were observed either in the urinary volume or in the sodium or potassium excretion. For each of the four MS components, sodium excretion was 96 ± 48, 97 ± 53, 108 ± 65 and 97 ± 49 mEq for men, and 83 ± 51, 83 ± 58, 80 ± 49 and 93 ± 45 mEq for women, respectively. No differences were found in urinary sodium excretion in normotensive individuals, regardless of the presence of MS. Therefore, it seems that high sodium intake is not an MS predictor per se as suggested earlier. 3 Recent studies have reported that BP increases cardiovascular risk even at pre-hypertensive levels. 4 Moreover, it has been suggested that an increase in sodium intake facilitates the development of MS. 5 However, observational studies have shown a positive association between sodium intake and BP, within and between populations. 6 Furthermore, there is evidence that lowering the salt intake reduces BP, prevents hypertension 7 and attenuates cardiovascular disease risk. 8 Therefore, considering that hypertension is the most common risk factor associated with the diagnosis of MS, we sought to study individuals with MS, free from the confounding effects of increased BP. Thus, the aim of this study was to investigate the association between urinary sodium excretion, a measure of dietary sodium intake, and all other variables that cluster to determine MS development. In particular, this relationship was investigated in the subsample of 80 drug-free, normotensive (BPo135/85 mm Hg) individuals with MS.
INTRODUCTION
Metabolic syndrome (MS) represents multiple interrelated cardiovascular disease risk factors. 1 Elevated blood pressure (BP) is one risk component deemed useful in identifying individuals with MS, regardless of the diagnostic criteria used. 2 High BP is one of the most prevalent risk factors and the single greatest contributor to cardiovascular disease worldwide. 3 Recent studies have reported that BP increases cardiovascular risk even at pre-hypertensive levels. 4 Moreover, it has been suggested that an increase in sodium intake facilitates the development of MS. 5 However, observational studies have shown a positive association between sodium intake and BP, within and between populations. 6 Furthermore, there is evidence that lowering the salt intake reduces BP, prevents hypertension 7 and attenuates cardiovascular disease risk. 8 Therefore, considering that hypertension is the most common risk factor associated with the diagnosis of MS, we sought to study individuals with MS, free from the confounding effects of increased BP. Thus, the aim of this study was to investigate the association between urinary sodium excretion, a measure of dietary sodium intake, and all other variables that cluster to determine MS development. In particular, this relationship was investigated in the subsample of 80 drug-free, normotensive (BPo135/85 mm Hg) individuals with MS.
METHODS

Study design and population
We performed a cross-sectional, population-based study to determine the prevalence and severity of cardiovascular risk factors among the urban population of Vitó ria, Brazil (1999 Brazil ( -2001 . Data were collected according to the general guidelines of the MONICA-WHO Project. 9 A total of 1662 individuals (25-64 years) were selected from the eligible population. These individuals came to the University Hospital to undergo clinical and laboratory exams. The design and sampling of this survey are described elsewhere. 10 The project was approved by the institutional ethics committee and all participants gave informed written consent.
Procedures
Blood pressure was measured in fasting individuals during the morning period (0700 to 0900 hours) while patients were in the sitting position by using a standard mercury sphygmomanometer on the left arm after a 5-10 min rest period. The first and fifth phases of Korotkoff sounds were used to indicate systolic and diastolic BP, respectively. Mean values of systolic and diastolic BP were calculated from two measurements carried out by two independent trained staff members, with a minimal interval of 10 min between the two readings. BP was defined according to The Sixth Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High BP. 11 Participants were considered hypertensive in the presence of systolic BP X140 mm Hg or diastolic BP X90 mm Hg or if they used antihypertensive drugs, including diuretics. For biochemical analysis, blood samples were collected soon after BP measurements to determine glucose, triglycerides, total cholesterol and highdensity lipoprotein-cholesterol lipoprotein by using validated commercial analytical kits.
Anthropometric parameters were obtained by trained technicians using standard methods. Body weight was taken on a calibrated scale to the nearest 0.1 kg. Height was taken with a wall-mounted stadiometer to the nearest 0.5 cm. Body mass index (BMI) was calculated as body weight (kg) to the squared height (m 2 ). Waist circumference (WC) was measured in the mean point between the lowest rib margin and iliac crest with the participant standing and at the maximum point of normal expiration.
Nocturnal urine was collected for a 12-h period (1900 to 0700 hours) during the night preceding the clinic visit. Sodium and potassium concentrations in urine were measured using calibrated electrode-selective devices. The daily sodium intake was estimated on the basis that 45% of the total daily sodium excretion in urine occurs during the night period (1900 to 0700 hours). This parameter was validated in an earlier study with 50 normotensive individuals. 10 According to ATP III criteria, 12 MS was defined when any three of the five following diagnostic criteria were present: WC 4102 cm in men and 488 cm in women; type II DM or fasting glucose X110 mg per 100 ml; high-density lipoprotein-cholesterol o40 mg per 100 ml in men and o50 mg per 100 ml in women; triglycerides X150 mg per 100 ml; systolic BP X130 mm Hg and/or diastolic BP X85 mm Hg. Diabetes was defined when a positive history was present or the fasting blood glucose was X126 mg per 100 ml.
Statistical analysis
Statistical analysis was carried out using the SPSS 13.0 statistical package (SPSS Inc., Chicago, IL, USA). Data are described as means ± s.d. and medians for continuous variables. Proportions are used to express dichotomous variables. The goodness of fit for normal distribution was evaluated using the Kolmogorov-Smirnov test. To test for mean differences, Student's t-test or analysis of variance (with Tukey's post hoc test) was used. Multivariate linear stepwise regression and the Univariate General Linear Model were used to adjust for confounding factors. Kruskal-Wallis one-way analysis of variance was used for median comparisons. BMI, triglycerides and 12 h urinary sodium excretion were analyzed after log transformation. Statistical significance was set at Po0.05 for proportions and means, unless stated otherwise.
RESULTS
Seven individuals were removed from the analysis because of incomplete data to diagnose MS. Therefore, the data are reported for 1655 participants (759 men and 896 women). The prevalence of MS was 32.9% (251 men and 294 women, 46 and 54%, respectively) and the prevalence of hypertension was 42% (51% in men). Eighty participants (38 men and 42 women) with MS had BP lower than 130/85 mm Hg and were not using antihypertensive drugs.
General clinical characteristics of the total sample according to gender are shown in Table 1 . All variables were higher in men, except age, fasting glucose and urine volume, which were similar in both genders, and BMI and high-density lipoprotein-cholesterol, which were lower in men than in women.
In relation to urinary sodium excretion according to BP classification, Figure 1 shows a steady rise as BP increases. From the optimal BP level to stage III hypertension, regardless of gender, the mean (median) unadjusted sodium excretion increased from 99 (89) to 128 (134) mEq and from 81 (69) to 112 (103) mEq in men and women, respectively (Po0.001 for trend; median). However, when the analysis was performed with urinary sodium corrected for body weight, urinary sodium still tended to increase from 1.38 mEq/kg in the normal BP group to 1.59 mEq/kg in the stage III hypertension individuals (P¼0.14 for trend). Furthermore, when the model was adjusted for WC, the corrected sodium excretion increased from 1.37 mEq/kg in the normal BP group to 1.66 mEq/kg in the stage III hypertensive individuals (Po0.001).
In addition, the relationship among urinary sodium excretion and BMI categories was investigated in individuals with MS. There was a positive and significant association with crude sodium values, which increased from 67 ± 51 mEq in the lowest BMI category to 118±62 mEq in the obese group. However, when sodium corrected for weight was analyzed, a negative significant association was detected with values decreasing from 1.61 ± 0.98 mEq/kg in the normal BMI class down to 1.35±0.74 mEq/kg in the obese group.
Furthermore, the whole sample was categorized as normotensive or hypertensive and gender stratified. Hypertensive individuals excreted more urinary sodium (mean±s.d.) compared with the normotensive group (men: 114±63 and 100±54 mEq; women: 106±60 and 86 ± 54 mEq, respectively; Po0.001). When urinary sodium was corrected for body weight, a significant difference was still detected, with the hypertensive and normotensive individuals excreting 1.52 and 1.41 mEq/kg, respectively (P¼0.007).
In addition, we explored the general characteristics of individuals with normal BP (o130/85 mm Hg) stratified according to the gender and number of MS components (300 men and 481 women). Data from 80 normotensive individuals (not using antihypertensive drugs) with three and four MS components were combined in a single group and classified as having MS (Tables 2 and 3) . No significant differences were observed in urinary volume, urinary sodium, potassium or sodium to potassium excretion ratio, independent of the number of MS components present concurrently in each group. All individuals with two or more MS components were older and heavier, whereas the BP level was significantly higher only in women who had increased mean BMI compared with men (30 ± 6 and 26 ± 5 kg m À2 , respectively; Po0.05). It is noted that 271 individuals were taking antihypertensive drugs and only 45 had BP lower than 130/85 mm Hg. Even when these individuals were excluded from analysis, to avoid bias, the urinary sodium excretion values did not show differences between groups, regardless of the gender and number of MS components (data not shown). Figure 2 , showing that BP higher than 130/85 mm Hg was present in B85% of these individuals. Therefore, BP increase clearly represents the main risk factor for MS.
Prevalence of MS individual components according to gender is depicted in
The characteristics of individuals with normal BP (o130/ 85 mm Hg) according to the gender and presence of MS are summarized in Table 3 . In both genders, as expected, age and anthropometric (obesity) measures were higher in the group with MS. However, urinary sodium and sodium to potassium excretion ratio did not differ between individuals with or without MS. Systolic BP levels were significantly higher only in women with MS.
In addition, we investigated whether there were differences in the excretion of urinary sodium corrected for body weight between individuals with and without MS. The mean ± s.d. values were 1.27 ± 0.64 and 1.42 ± 0.88 mEq/kg, respectively; P¼0.06.
DISCUSSION
Our main finding is that normotensive (o130/85 mm Hg) individuals with MS who do not use antihypertensive drugs have similar 12 h urinary crude sodium excretion compared with normotensive individuals without MS, regardless of gender. Moreover, when urinary sodium corrected for weight was analyzed, MS individuals showed relatively lower sodium excretion (and presumably lower relative sodium intake), factors that might predispose them to remain normotensive.
Excessive sodium intake contributes to the development of hypertension. 6, 13 In our study, analyses of the whole sample showed a significant and steady increase in crude urinary sodium excretion in relation to increments in BP stages. This relationship was attenuated, but still with a trend to increase, when sodium was corrected for weight, and increased further when the model was adjusted for WC. In addition, according to BP categorization (normotensive/hypertensive), individuals with high BP showed significantly higher 12 h crude and weight-adjusted sodium excretion in comparison with normotensive individuals. Taken as a whole, our data show that the relationship of BP and sodium is independent of general adiposity (BMI or weight as surrogate). However, visceral adiposity (WC as surrogate) seems to be associated with higher sodium excretion, independent of body weight. Thus, our study shows a positive association between increased sodium excretion, abdominal adiposity and increased BP levels, in accordance with a recent report. 14 Despite the positive association between salt intake and BP, 6,15 the relative contribution of sodium ingestion (measured as urinary sodium excretion) to BP variability in our population was very low (r 2 ¼0.02). When age and anthropometric variables (BMI and WC) were included in the stepwise multivariate analysis, the main BP determinants were WC, age, BMI and urinary sodium excretion, explaining 13, 6, 0.6 and 0.5% of the variability, respectively. This low association between urinary sodium and BP seems to be a paradox at first glance. However, it could be explained by the overall high sodium intake found in our studied population. On the basis of an earlier report from our group, 10 the estimated 24 h salt intake values for normotensive and hypertensive individuals were 11.9±7.0 and 14.3 ± 7.9 g, respectively, which is more than twice the value recommended by the World Health Organization. 16 Urinary sodium excretion was higher in men. However, the difference between genders disappeared when the values were corrected for weight (mean¼1.45 and 1.47 mEq/kg for men and women, respectively, P¼0.40), suggesting that the amount of ingested sodium (and presumably food) is body mass dependent and not gender dependent. Paradoxically, obese individuals (independent of MS) have lower relative sodium excretion, meaning that they probably eat relatively less salty food per kilogram compared with normal weight individuals. This finding might be secondary to the increased adipose tissue mass, which has a low metabolic demand. Salt excretion in normotensive individuals with metabolic syndrome SL Rodrigues et al A recent report has suggested an association between increased sodium intake and the presence and severity of MS. 5 In this study, 781 normotensive individuals (BP o130/85 mm Hg) were investigated. No significant differences in urinary sodium, potassium or sodiumpotassium ratio excretion were identified, independent of the number of concurrent MS components. Furthermore, as expected, individuals with MS were older and heavier. However, BP was significantly higher only in women with MS. These women showed a 2.5 times higher prevalence of increased WC associated with increased BMI, showing clearly the positive association of BP levels with central fat accumulation.
Obesity is known to be associated with increased food and salt consumption. [17] [18] [19] Indeed, it has been reported that high dietary sodium intake seems linked to increased consumption of sugarsweetened and soft drinks in children, which may in turn lead to weight gain and the development of obesity. 20 The connection between obesity and hypertension is strongly established in the literature. In addition, it was also reported that central obesity is an independent predictor of increased salt-sensitive BP. 21 Insulin resistance has been suggested as the common link between different MS components. 22 Thus, increased abdominal adiposity and other associated factors, such as increased leptinemia and reduced adiponectinemia, might have a substantial effect on renal sodium handling in individuals presenting with MS, 23 predisposing women in our population to higher BP, even in a normotensive sample.
Inferences regarding MS per se in a population in which BP is the main diagnostic component for MS seem inappropriate. Accordingly, it was recently reported that MS in the absence of hypertension and diabetes was not associated with increased risk of all-cause or cardiovascular mortality. Moreover, among the five MS components, only the BP component predicted all-cause and cardiovascular mortality in men, whereas BP plus triglycerides and fast blood glucose were predictors only in women. 24 Therefore, in light of the latest evidence, 8 it seems that all individuals should be advised to undertake a more balanced and healthier diet pattern, emphasizing the need for salt reduction (independent of MS) and the importance of a healthy weight (particularly, a healthy waistline) and a more active lifestyle. Therefore, our findings may have important implications for BP control in populations (such as the Brazilian population) in which hypertension is a dominant risk factor for cardiovascular disease, along with an increasing prevalence of obesity.
A possible weakness of our study is (as expected) the small number (n¼80) of normotensive, drug-free individuals with the diagnosis of MS. However, we further explored 781 individuals with BP o130/ 85 mm Hg and also found no significant differences in 12 h urinary crude or weight-adjusted sodium excretion, independent of the number of concurrent MS components analyzed.
Even though 24 h urine collection is the gold standard 25 assessment for measuring salt intake, the difficulty in putting this measure into practice in population studies is well known. 26 Our group has been using nocturnal urine collected for a 12-h period as a biochemical marker of daily electrolyte intake. This parameter was validated in an earlier study with 50 normotensive individuals 10 and it was recently replicated in 94 individuals of the general population (unpublished data).
In conclusion, in individuals without the confounding effects of increased BP (o130/85 mm Hg), we did not find any differences in urinary crude or weight-adjusted sodium excretion, regardless of the presence of MS. Therefore, it seems that high sodium excretion is not a predictor of MS per se as suggested earlier. 5 However, by increasing BP and presumably obesity, (mainly visceral, with its metabolic consequences), salt-rich diets may predispose individuals to MS, thus contributing to the high prevalence of MS in populations adopting the western lifestyle.
